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Abstract 

One can analyze the hadronic decay amplitudes for B — > PP decays using flavor SU(3) symmetry 
in different ways, such as the algebraic and quark diagram approaches. We derive specific relations 
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depend on only five independent parameters which can be determined using recent experimental 
data on the branching ratios and CP violating asymmetries of B — > Kir and B — ► tttt. We find, 
however, that the leading amplitudes provide a best fit solution with a large x 2 > which cannot 
therefore be regarded as a good fit. Keeping sub-leading terms, makes it possible to have a 
reasonable minimal x 2 - We also find that in general the color suppressed decay amplitude is 
comparable with the color allowed amplitude, contrary to expectations. 
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I. INTRODUCTION 



Recently the Babar and Belle collaborations have measured direct CP violation in B° — > 
K~n + with consistent results which average to Acp(K~n + ) = —0.109 ± 0.019. . They 
have also given new, precision determinations of the branching ratios of B — > Kir and 
B — > 7T7T, which are compiled in jj, and are given in Table |1J In the table we also list 
other CP violating variables although they are not as precisely measured as the branching 
ratios. These results, and those for other two body B decays, show that the study of two 
body charmless B decays has entered a precision era. They can be used to understand the 
dynamics of B decays and CP violation in the Standard Model. 



Decay channel 


BR x 10 6 


A C p 




K°7T- 


24.1 ± 1.3 


-0.02 ±0.034 




K-ir° 


12.1 ±0.8 


0.04 ±0.04 




K--K+ 


18.2 ±0.8 


-0.109 ±0.019 




K°ir° 


11.5 ± 1.0 


0.09 ±0.14 


0.34 ±0.28 




5.5 ±0.6 


-0.02 ±0.07 






4.5 ±0.4 


0.37 ±0.10 


-0.50 ±0.12 


vr vr 


1.45 ±0.28 


0.28 ±0.39 





TABLE I: Experimental data on B — ► Kn, tttt. The normalizations of Sf are sin(2/3) and sin(2a) 
in the cases where tree and penguin amplitudes are neglected for K°ir° and 7r + 7r~ , respectively. 



The decay amplitudes for B — > Kir, ttti can be parameterized according to SU(3) (or 
isospin) symmetry through the equivalent quark diagram or algebraic representations. In 
these ways, detailed in 0, 0, S Q], the decay amplitudes in these and other two body 
charmless B decays are related. With enough information, the parameters can be completely 
fixed. These decay amplitudes, or the equivalent parameters, can also be estimated using 
various different theoretical approaches. In this work we will carry out our analysis as 
model independently as possible by using flavor symmetries to study the implications of the 
measured branching ratios and CP asymmetries in B — > Kit, 7T7t for the hadronic parameters. 
Were the parameters to be well determined by the data, one could regard them as features 
to be explained by attempts to calculate the hadronic matrix elements. 
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There are many recent studies for B — > i^7T and B — > 7r7r decays emphasizing on the 
determination of the CKM matrix elements and implications for new physics beyond the 
SM using different approaches 0,0,0. We take a different approach in this analysis by taking 
CKM parameters as the known ones determined from other datajllj, and emphases on the 
determination of the leading and sub-leading contributions to the hadronic parameters in 
the SM using the most recent data. We first show that different approaches based on SU(3) 
flavor symmetry are completely equivalent when appropriate terms are taken into account, 
and obtain specific relations for amplitudes used in diagram and algebraic approaches. We 
then use available data to determine related hadronic amplitudes. We find that the leading 
amplitudes provide a best fit solution with a large x 2 , more than 2 per degree of freedom, 
which cannot be regarded as good fit. Keeping the sub- leading terms, makes it possible to fit 
the data. We also find that in general the color suppressed decay amplitude is comparable 
with the color allowed amplitude. 

Since the first draft of this paper, several articles have been written on related subjects jl^. 
and similar results have been obtained although different authors emphases different 
features of the analysis. 



II. PARAMETRIZATION OF THE DECAY AMPLITUDES 

There are several different ways of parameterizing SU(3) decay amplitudes for B — > PP 
decays. We start our analysis by showing that they are all equivalent when the appropriate 
terms are included. 

In the SM, the decay amplitudes for B — > Kir, tttt can be parameterized by separating 
the terms according to the relevant products of CKM matrix elements: 

Ab^ktt = VubVugTKn — V t bV t * s PKTT, 

A B ^ = V ub V* d T^ - V tb V td P^ (1) 

where are the CKM matrix elements which in general contain CP violating phases. The 
amplitudes Tpp(T' pp ) and Ppp(Ppp) are hadronic matrix elements which in general contain 
CP conserving final state interaction phases. The primed (T',P')pp and the un-primed 
(T,P)pp amplitudes are equal in the flavor SU(3) symmetry limit. In the above we have 
used the unitarity of the CKM matrix to eliminate terms proportional to V cb V* s and V cb V* d 
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in favor of the above two terms. 

In the SM the quark level Hamiltonian|15j] H, expanded in dimension six operators. 

g r 10 
h = -| v ub v: q ( Cl o 1 + c 2 o 2 )-J2v Jb v* q J24o. 

V L j i=3 

requires the hadronic matrix elements Tpp and Ppp transform under SU(3) as 3, 6 and 15. 
In the above Cj are the Wilson coefficients of the operators Oi which have been calculated 
to next-to-leading order in QCD corrections. We will use the values calculated in the NDR 
regularization scheme at /i = rrib given in Ref.Q]. 

The amplitude Tpp is dominated by the operators Oi,2, which generate, in quark diagram 
language, the "color allowed" T and "color suppressed" C amplitudes, containing 3, 6 and 
15 irreducible amplitudes. The Ppp, called the "penguin" amplitude, is generated at the 
loop level and contains strong and electroweak penguin contributions. The strong penguin 
induces only a 3 amplitude, but the electroweak penguin, dominated by the operators Og^o, 
induces all 3, 6 and 15 amplitudes. As far as the SU(3) group structure is concerned, the 
electroweak penguin operators are proportional to 301^/2 — (1/2)03 4. One can easily obtain 
the electroweak penguin irreducible amplitude by grouping the part proportional to 03,4,5,6 
into a strong penguin like operator and the rest into a tree like operator. 

The decay amplitudes can be parameterized according to the SU(3) irreducible 
amplitudes^, separating the "annihilation" amplitudes, A?'-^, in which the initial quarks 
are annihilated in the weak interaction from the amplitudes ' 6 ^, in which one of the 
initial quarks is preserved. There is also an A 6 amplitude, which has the same coefficients 
as the C*6 amplitude and can therefore be absorbed into it. We list the "tree" amplitudes 
for B — > Ktt, 7T7T in Table ITT1 

In the quark diagram approach, the decay amplitudes for various decay modes are param- 
eterized by the T, C, P, A, E and Pa amplitudes which parameterize the color allowed, color 
suppressed, the flavor triplet strong penguin, the annihilation, exchange and penguin anni- 
hilation amplitudes. The details for each decay amplitudes in terms of the above diagram 
amplitudes can be found in Ref . jj, 0] . In the diagram approach neglecting annihilation con- 
tributions, the amplitude for B~ — > tt~K° vanishes which implies in the algebraic approach 
S T = Cf -C 6 = 0. Comparing the decay modes B~ -> t^tt , and B° -> tt+R-, tt°K°, 
one can identify, W^V^C-^ = (T + C)e~^, and W ud V* s C 6 = (T — C)e~^ . After restor- 
ing the annihilation (exchange) contributions, we find the following relations between the 



Decay Mode 


SU(3) Invariant Amplitude 


T o 


8 n T 
V2 15 




3 15 3 15 




1 (2^ + + Cf + Cl - 5C^) 

V2 v S 15 3 D 15 7 




15 u 15 


T tt"K- 


73 ( 3j4 T5 + ^ - ^ + 7C S) 


T-k+K- 




T tt"K° 


-73(-^ + ^ + C 6 T -5^) 



TABLE II: The SU(3) invariant amplitude for B — > tttt,ttK decays. Similar amplitude for the 
strong and electroweak penguin amplitudes. 

algebraic and diagram amplitudes: 

Te~*> = Vu^i-Ajs + 2C 6 + 4Cy , Ce^ = K«^i5 - 2C 6 + AC^) , 

AT* = 3K & K*^T5 , Ee~* = 2K« Aj + ^Ts) • (2) 

With the above relations one finds that the tree contributions, terms proportional to 
V u bV* s , are equivalent in form for the algebraic and diagram approaches. 

When 5 T is not equal to zero, there seems to be a conflict in that there are five and 
four independent variables for the algebraic and diagram amplitudes, respectively. This 
puzzle is resolved by realizing that the diagram amplitudes listed above has missed a piece 
of contribution, the penguin contribution with u-quark in the loop (and also a c-quark since 
we have used the CKM unitarity to eliminate the term proportional to V cb V* s due to c-quark 
in the loop). Indicating this contribution by P cu , the charming penguin, and comparing with 
the algebraic amplitudes, one can identify P cu e - * 7 = V ub V* s 5 T . 

For the strong penguin amplitude, one identifies P = V tb V t * s C^, and P A = V tb V t * s A?. 
When electroweak penguin amplitudes are included, one can define a set of parameters 
T EW , C EW , P EW , A EW , E EW and P EW similar to the previously defined tree quark diagram 
amplitudes. Here there is no need to introduce an additional electroweak penguin amplitude 
analogous to the P cu amplitude because P EW already includes such a contribution. 

With the above relations between the parameters used in the algebraic and diagram 
approaches, we therefore have shown that the two ways of parameterizing B — > 7171, irK, the 
algebraic and diagram approaches, are fully equivalent. 
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In the SM the tree amplitudes and the electroweak penguin amplitudes are dominated by 
Oi t 2 and Og,io (the operators Oj^ have much smaller Wilson coefficients and can be neglected 
to a good precision) where the SU(3) invariant amplitudes C 6 and originate. Since these 
operators have the same Lorentz structure and Og W = |Oi,2 — |0 3i4 , one finds ?l Qthat 
Cjf = -(3/2)ktC 6 t and C?(Ag = (3/2)k+C^{A^). Here k± = (c 9 ± c 10 )/( Cl ± c 2 ). These 
relations enable one to reduce the number of independent decay amplitudes, but they, in 
particular the relation between and C[, have not been fully exploited in many of the 
analyses in the literature. There is no simple relation between C^(A^) and C^(A^). Using 
the above mentioned relations, one finds that 

t ew + c ew = Zrk+p + C ) , T EW - C EW = -Rk~{T - C) , A EW = -Rk + A, (3) 
2 2 2 

where R=\V tb V*/V ub V: s \. 

Because that the amplitude A^ is not simply related to A? by similar relations for 
C 6 j5, E and E EW cannot be simply related. However, for the special case with = 0, 
E EW = A is also related to E by E = 3A/2. 

The three electroweak amplitudes T EW , C EW and P EW are usually written in terms of 
two amplitudes Pew and P§w> as ^ ne y are no ^ independent since all originated from the 
same electroweak penguin operators. To the leading order this relationship is T EW = P 



c 

EW 



C EW = P EW , and P EW = -P£ w /3. 

In the SU(3) limit, the amplitudes for B — >• ttti can be obtained from the previous 
amplitudes by an appropriate re-scaling, for the tree amplitudes by (V* d /V* s ) ~ 1/A, and 
for the strong and electroweak penguin amplitudes by r = {V t * d /V t *). We summarize the 
complete set of amplitudes in Table ITTT1 

As the amplitudes P cu , A, E, E EW and Pa are expected to be smaller than the other 
amplitudes, one hopes to obtain reasonable description of the relevant data even with their 
contributions ignored. With this approximation, the analysis is tremendously simplified 
with only five independent hadronic parameters in the three complex amplitudes, T, C, P 
(one phase of these complex parameters can be absorbed into redefinition of the meson 
fields). In the following we will first carry out an analysis using this approximation. We find 
however that these leading amplitudes cannot provide a good description of the data since 
the resulting fit has too large a minimal x 2 . 
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TABLE III: The quark diagram amplitudes for B -► i^vrvr. P = I^V^/KbKU A = V us/ V ud 
and r = J£/V£. In the SU(3) limit (T, C, P, A, E, E EW ,PA) = (T 1 , C , P', A', E' , E' EW , P' a ). We 
have written the notation in the above P(P') and PA(P^) for the combined strong and electroweak 
penguin amplitudes P - P% w /3 and P A + Pf w . 



III. THE B — > Ktt DATA AND THE HADRONIC PARAMETERS 



At present there are 5 well established measurements for B — > Kir decays: the four 
branching ratios and the CP asymmetry in B° — > K~tt + . Using these data and taking the 
CKM matrix elements determined from various experimental data, one can determine the 
hadronic parameters. We take the central values for the CKM parameters S12 = 0.2243, 
s 23 = 0.0413, s 23 = 0.0037 and the CP violating phase j(5 13 ) = 60° given by Ref.Q. For 
the central experimental data we obtain two solutions for the amplitudes C and T 

1) T = 1.018 e 3 - 0921 ; C = 1.158 e a0916 \ 

2) T = 1.016 e- 2 - 978i ; C = 1.154 e 0070 \ (4) 

It is remarkable that there are any solutions. The magnitude of the amplitudes is almost 
the same, for the two solutions, while the phases have changed. 

In the analysis we have normalized the amplitudes to the amplitude of A(K°tt~) and to 
obtain the physical numbers they should be multiplied by a factor a/ B exp (K°7i)167imBTf otal 
with B exp = 24.1 x 10~ 6 . Since P is determined by A(K°tt~), we set P = 1 in this case. 
In the calculations we have also taken into account the B° and B~ lifetime, and (later) the 
B — > Ktt and B — > irir phase space differences. 
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Note that, in each of the solutions, C and T are almost real. This fits with the intuition 
that the final state mesons have large energies and the final state interactions which generate 
the phase in C and T would be expected to be weak, leading to small phases. However the 
ratios \C/T\, \T/P\ and \C/P\ are of order one, which was also found in refs 0, |^|, and 
which is in contradiction with expectations from various theoretical calculations. This poses 
a problem for our ability to provide a theoretical basis for the observed amplitudes. 

Using the hadronic parameters determined above, one can predict the CP asymmetries 
in other B — > Kn decays. Since B~ — > K tt~ has only a P amplitude, no CP asymmetry 
can be generated in this decay. There are non-zero asymmetries in the other two decays. We 
find that for solution 1), A CP (K-7c°) = 0.267, A CP (K 7r°) = -0.006, S R o n o = -0.375. For 
solution 2), A CP (K~7r°) = -0.266, A CP (K n ) = -0.198, S Ro ^o = -0.378. These values 
are different to the central values of the data and the two solutions can be distinguished 
in the near future. We note that the predicted CP asymmetry for B° — > K~tt° for both 
solutions are much larger in size than the central value of the data. This also poses another 
potential problem for the solutions. 

One can also include the direct CP asymmetry data into a x 2 fit- If we use all B — > Kit 
data, the best fit values for the parameters and the resulting branching ratios (in unit 10~ 6 ) 
and CP asymmetries are given by 

P = 0.999, T = 0.127 e~ a533 \ C = 0.260 e a295i . 
B(K°tt-) = 24.06, B(K-tt°) = 12.30, 
B(K-n + ) = 10.41, B(K°tt°) = 18.47; 
A CP (K-n + ) = -0.104, A C p(K-n°) = 0.019, 

A C p(K 7r°) = -0.150, S Ro ^ = 0.339. (5) 

Note that here P is also a fitting parameter. The Xmin * s 4-68 for 4 degrees of freedom which 
represents a reasonable fit. 

If all the CP asymmetries, direct and time-dependent, are measured to a good precision 
in the future, one can also check the consistency of CKM parameters determined from 
other data by taking p and rj as unknown and letting them be determined from B — > Kn 
data 

In fact the analysis carried out above using the well measured branching ratios and 
CP asymmetry in K~n + mode already constrains the allowed range for 7 since for certain 
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values of 7, there are no solutions for the hadronic parameters. For example 7 in the interval 
between 54.5° to 100° is allowed, but the intervals between 38.5° to 54.5° and 105° to 145.5° 
are not allowed. 

The above analysis shows that the leading SU(3) amplitudes can provide a good descrip- 
tion of B — > Ktt data if one allows a larger than expected \C/T\ ratio. 



IV. PREDICTIONS AND PROBLEMS FOR B -> vrvr DECAYS 

In the SU(3) limit, once the parameters T, C and P have been determined from B —>■ Ktt 
decays, predictions can be made for B — > tttt decays. An interesting prediction is the CP 
asymmetry in B° — > tt~tt + which can be made without knowing the specific values of the 
amplitudes T, C and P. From Table GUI and the fact that in the SM Im(V ub V* s V* b V ts ) = 
-ImiV^VtlVu), one has: Af°_ w+ = -Afl n+ . Here Af P = V B PP - Vf p . This relation 
leads to[18] 

A CP (n-n+) = (-VAcpiK-n+ f^ll (6) 

There are SU(3) breaking effects which modify the above relation. Using the QCD factor- 
ization method to make an estimate about the SU(3) breaking effects due to meson decay 
constants and light cone distribution for different mesons, the factor —1 in the above equa- 
tion is changed toQ] —0.9. One would predict a CP asymmetry in B° — ► 7r~7r + of 0.39±0.08 
which is consistent with the experimental value 0]. 

We look forward to a high precision measurement of Acp{tt~tt + ), which will provide a 
very direct test of the SM. 

Given the values of T, C and P more predictions can be made for B — > tttt decays. 
However, the values obtained in eqs. (@J) and (JSJ) would imply branching ratios of B~ — > 
7T~7r°, B° — > 7r _ 7r + , 7r°7r° which are too large compared with experimental data. This is 
mainly due to the T and C parameters, as determined from the B — > Kit data, being too 
large for the 7T7T decays. The simple parametrization and the present experimental data are 
not consistent using the same set of leading amplitudes to explain both the B — > Kir and 
B — > Tin data. 

The use of central values to determine the hadronic parameters is, of course, too restric- 
tive. It is possible that in the ranges allowed by the experimental errors, a consistent solution 
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can be found. We therefore carried out a x 2 fit to determine the parameters. We consider 
the case with SU(3) symmetry taking the four B — > Kir, the three 7T7t branching ratios, and 
the direct CP asymmetry A C p(B° — > K~ir + ) as the input data points to determine the best 
fit values for the five hadronic parameters. We obtain 

P = 0.971, T = 0.090 e~ 2AA \ C = 0.076 e -1 - 64 *. (7) 

We find that with this set of parameters the resulting branching ratios and CP asymmetry 
are within the two standard deviation ranges of the data. However, the \ 2 & t t ne minimum 
is 8.42 for 3 degrees of freedom which is rather high. This indicates that there is a potential 
problem for the leading parametrization to explain all B — > Kir, tttt data 

Including all the branching ratio and CP asymmetry data in Table I in the fitting, we 
obtain 

P = 0.941, T = 0.086 e ~ 2 - 585i , C = 0.0817 e 2mi . (8) 

With this set of hadronic parameters, the branching ratios and asymmetries are 

B(K°tt-) = 21.32, 5(7r~7T ) = 4, 34, 
B(K-ir°) = 11.19, A CP (K-7v°) = -0.015, 
B(K\°) = 9.753, A CP (K%°) = -0.053 
B(K-n + ) = 20.13, A CP (K-7r + ) = -0.097, 
B(n%°) = 1.61, A CP {7T°7T ) = 0.410, 
£(7r7r + ) = 4.88, A CP (n-n + ) = 0.388, 

S ROn0 = 0.691, S^- = -0.78. (9) 

The Xmin increased to about 26.5 for 9 degrees of freedom. This is similar to the fitting 
quality for the case of eq. (ssss) . 

We conclude that the leading order parametrization has a problem with the present 
data. That could be due to the smaller sub-leading terms of the SM which we neglected 
in constructing the leading amplitudes parametrization playing a more important role than 
expected, or to SU (3) breaking effects. It may be due to the quality of the data. And it may 
also be due to physics beyond the Sm|o. M. llo||. Before making any claims for the existence 
of new physics beyond the SM, one must make sure that the SM contributions, leading and 
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also sub-leading included, cannot account for the data. In the next section we analyze the 
effects of the sub-leading terms which have been neglected in the previous analysis. 

V. EXPANDING THE PARAMETER SET 

A number of approximations have been made to obtain the leading amplitude 
parametrization with just five independent hadronic variables: 1) 5 T = 0, 2) neglect 
of the annihilation amplitude Ae~ 11 = 3V u bV* s A^, the exchange amplitude Ee~ 11 = 
2V ub V* s (A^ + A^-), and penguin annihilation amplitude Pa = A?, and 3) SU(3) symmetry 
hold for the hadronic matrix elements in B — > PP decays. 

The first and the second approximations can be tested experimentally to some degree. 
If S T = and A = 0, CP asymmetry in B~ — > K°tt~ will be very small. Since the tree 
amplitude for B~ — > K~K° has the same form as that for B~ — > K°tt~ , the assumption 
of S T = and A = implies a very small branching ratio for B~ — > K~K° (penguin 
contribution to this decay mode is suppressed). Experimentally, a non-zero CP asymmetry 
for B~ — > K°n~ and a non-zero branching ratio for B~ — > K~ K° decay has not been 
established, 5 T ^ and 4 / are not required. The smallness of E can be tested by 
B° — > K + K~ since its tree amplitude is proportional to E. At present a non-zero amplitude 
for this mode has not been established either. We however find that the experimental upper 
bounds obtained for these decays can constrain the parameters A, E and P cu . The tree 
amplitude for B° — > K°K° also depends on P cu and other small parameters, the upper 
bound on this mode therefore can also provide constraint on the parameters. It is not 
possible to have a good test of the smallness of Pa directly in B — > KK modes since it 
is suppressed by a factor of Ar. We now analyze whether the restoration of these small 
amplitudes can improve the fit. 

The contributions from A, E, E EW and Pa are annihilation in nature, their sizes are 
expected to be smaller than the amplitudes T, C and P. If the final results from fit ended 
up with comparable size for these parameters, one should not regard the fit a good one. The 
parameter P cu is a penguin amplitude in nature, it should be compared with the amplitude 
~ X 2 P, where the pre-factor A 2 takes care of the CKM suppression of P cu compared with P. 

To study the effects of A and E, we use two independent parameters e and r defined as 
re~ 17 = V u bV* s A^r and ee~* 7 = V u bV* s A^ which have definitive SU(3) irreducible structure. 
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We find that the minimal x 2 can be improved. To have specific idea about how these 
new sub-leading parameters affects the decays, we studied three cases with only one of the 
parameters P cu , r and e to be non-zero separately, and fitting the measured branching ra- 
tios for B —>■ Kit, tttt and direct CP asymmetries for B — > K + n~ , K°tt°, K~7r°, 7r + 7r~, 7r°7r . 
We als o .elude u—ou about the br aneuiu g ratios &r S B -> K-K°(< 2.4 x 10- 6 ), 
K°K°((1.19 ± 0.4) x 1(T 6 ), K-K + (< 0.6 x 10~ 6 ) into the fit. For these modes, the lead- 
ing amplitudes are dominated by tree amplitudes with A(K°K~) w — (3r + P cu )e~ n / \, 
A(K°K°) « -(2e - 3r + P cu )e" i7 /A, and A(K~K+ « -2(e + T)e~*/\. For the two modes 
having just upper bounds, we treat their central values to be zero and taking the 68% c.l. 
range as errors in the fit. We then predict the values for S^ogo, S^+ n - and A C p(K°Tr ). 

Without the sub-leading parameters, the Xmin without the B — > KK data would be 
about 26. Such a fit cannot be considered to be a good fit. With the sub- leading parameters, 
B — > KK can happen. Including information on B — > branching ratios into the fit, 
we fid that the Xmm are 12, 8, 17 for: i) Only P cu ^ 0; ii) only r ^ 0; and iii) e ^ 0. The 
Xmin 1S significantly reduced. In each of the fitting above the degrees of freedom is 8. The 
cases i) and ii) can be regarded as reasonable fits. We list the best fit values for the relevant 
quantities for the cases i) and ii) in the following. 

For i), we have 

P = 0.953, T = 0.135e~ 2 ' 806 *, C = 0.061e L924 \ P cu = 0.050e 057 \ r = e = 0, 

B(K\-) = 23.11, £(7r _ 7r ) = 5.32, 

B(K~7T°) = 12.04, A CP (K-ir ) = 0.027, 

B(K°tt°) = 9.31, A C p(K°ir ) = -0.083 

B(K~tt + ) = 19.32, A CP (K-n + ) = -0.098, 

B{7i°7T°) = 1.34, A CP {7r°ir ) = 0.751, 

B(n-n + ) = 4.59, A CP {^^ + ) = 0.397, 

B(K°K°) = 1.26 , B(K~K°) = 1.26 , B(K~ K + ) « , 

S ROn0 = 0.713, S^- = -0.874, A CP (K°n-) = 0.005, (10) 
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and for case ii), we have 

P = 0.928, T = O.llle -0 ' 487 *, C = 0.071e a659i , P cu = 0, r = 0.017e 2 - 81i e = 0, 

B(K\-) = 23.80, B^tt ) = 5.70, 

B(K-n°) = 11.55, A CP (K-7v°) = 0.017, 

B(K\°) = 9.86, Acp(K°7r°) = -0.087 

B(K-n + ) = 19.17, A C p(K-7t + ) = -0.110, 

5(7T 7T ) = 1.36, A CP (7i 7i°) = 0.669, 

S(7r _ 7r + ) = 4.36, A CP (ir-ir + ) = 0.370, 

B(K°K°) = 1.27 , B(K~K°) = 0.06 , B(K~K + ) = 0.03, 

S^o = 0.626, = 0.504, A C p(K°n-) = 0.027. (11) 

In the above two cases a small CP asymmetry for the mode B~ — > K°n~ is developed 
because the best fit values for P cu and r are complex. The predicted time dependent CP 
asymmetry S n + n - are opposite in sign with case i) having the same sign as the present 
experimental data. The two types of solutions are be easily distinguished by a definitive 
measurement of S n + n -. 

The numerical values obtained for the cases i) and ii) are within expectations that r is 
smaller than T, and P cu is of order \ 2 P. We note that the above cases the ratio for \C/T\ 
is still large which may be completely due to low energy hadronic physics with in the SM. 
We conclude that when sub-leading contributions are included, SM can provide a good fit 
to B — > Kit and B — > nn data. No new physics beyond the SM is called for at present. It 
is obvious that if the small parameters are simultaneously kept non-zero, better fit can be 
obtained. 

VI. SU(3) BREAKING EFFECTS 

We have carried out all the above analysis with the assumption of SU(3) symmetry. With 
SU(3) breaking effects taken into account the set of parameters for B — > Kit and B — > tttt 
can be different. In the algebraic and diagram approaches described earlier, the SU(3) 
breaking effects can be systematically included by inserting at appropriate places the quark 
mass terms which will introduces many new unknown parameters. We will not attempt to 
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carry out a general analysis here, but to simplify the problem by assuming that the B — > Kir 
amplitudes are scaled by a factor fx / fir compared with B — > amplitudes. 

We argue that the above re-scaling factor should have taken into account the leading 
effects of SU(3) breaking. An intuitive picture can be obtained from pQCD calculations of 
the decay amplitudes. In pQCD calculations decay amplitudes proportional to fsfirf-K an d 
fsfwfK for B — > 7T7T and B — > Kit decays, and therefore the re-scaling factor is fx/fir- There 
are other places where SU(3) breaking effects may come from, for example, the difference 
between the light-cone distribution amplitudes for the pion and kaon. Neglecting the later 
type of SU(3) breaking effects, the analysis can be carried out in the same way as previously 
done since no new adjustable parameter is introduced. 

Using the same data points as what used for the analysis obtaining eq.(J7|), we find that 
the fit improved slightly with Xmin reduced to 7.3 from 8.4. The best fit values for the 
hadronic parameters are 

P = 0.978 , T = 0.119e- 2 ' 60i , C = 0.100e~ L57i , 

(12) 

Using all available data from B — > Kir, tttc, Xmin is reduced to 22.4 from 26.5 with 

P = 0.944, T = 0.116e~ 2 - 70i , C = 0.103e 2496i . (13) 

The above analysis shows that the simple re-scaling on the decay amplitudes can improve 
the fit, but cannot completely solve the problem, and still allows for sub-leading amplitudes 
to play an important role. 

An extreme SU(3) breaking scenario is the case where B — > Kir and B — > tttt decays 
are treated independently. We have seen that if one just fits B — > Kit data, the leading 
amplitudes can account for data, but predict too large branching ratios for B — > 7r7r decays. 
We now study the consequences of just fitting the B — > 7T7T data using the leading amplitudes. 
We find that the five parameters T", C and P' have no problem in fitting the data on 
branching ratios. To determine the parameters, at least two more points of experimental 
data are needed which we choose to take the direct and time dependent CP asymmetries 
Acp and S nn for B — > -n~n + . With the central values of the data, we find two solutions 

1) P = 0.576, T = 0.098 e~ 2A7i , C = 0.077 e~ L12i , ; 

2) P = 0.506, T = 0.098 e~ 2 - 21i , C = 0.083 e 2 ' 73 \ (14) 
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These solutions predict Acp(7i~°7(~ ) to be —0.60 and 0.18, respectively, and the second 
solution is closer to the experimental central value. 

These parameter values are quite different to those in eq. (jlj) and in eq. ©, and if we 
apply them to B —> Kn, the branching ratios obtained for B — > Kir are too small. 

We also carried out another alternative fit by using all B — > nn. This fit obtains Xmin = 
0.34 with 

P = 0.487 , T = 0.099e" 2 ' 23i , C = 0.084e 2 - 88i . (15) 

This set of parameters are similar to that obtained in eq. ()14|) . But very different than 
that obtained from using B —>■ Kit data only. 

VII. CONCLUSIONS 

SU(3) flavor symmetry can simplify the analysis for B — > Kir and B — > tttt. To the 
leading order there are only five independent hadronic parameters for these decays in the 
Standard Model. The leading amplitudes T, C and P can provide a reasonable description 
of B —>■ K7r decays, but with an inexplicably large value of the ratio \C/T\. When combined 
with B — > 7T7T data, there are more difficulties. One of the problems is that the ratio \C/T\ 
is still of order one, and much larger than theoretical estimates. And another is that these 
parameters can not give a better than a two standard deviation fit to the current data. 

As a first step in trying to resolve these difficulties, we studied several possible ways of 
relaxing approximations made in the simple parametrization, including sub-leading order 
terms, annihilation, exchange and charming penguin amplitudes, and also SU(3) breaking 
effects. We find that the inclusion of smaller sub-leading terms can improve the fit to a 
reasonable range although still results a ratio of order one for \C/T\ which may be due to 
low energy hadronic physics within the Standard Model. It is too earlier to claim the need 
of new physics beyond the Standard Model to explain the B — > and B — > tttt data. 

Finally we would like to make a comment on the source for the large Xmin f° r the leading 
parametrization from data quality point of view. We find that the data point B(K~n + ) 
makes the largest contribution to \ 2 in the fitting using both Kn and data. If one 
removes this data point, the Xmin f° r the two cases resulting in eqs. (J7J) and (jSJ) would drop 
down to 0.05 and 11, respectively. This is because that the experimental branching ratio 
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for K~tt + is smaller than expected from penguin dominance in Kir decays. The point we 
would like to emphases here is that it is necessary to have more precise data to help deciding 
whether the Standard Model can explain both B — > Kit and B — > tttt. 
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